I. INTRODUCTION
Not too long ago, I spoke at a two-day energy conference in Houston. Most of the conference was devoted to energy development all over the world, particularly oil and gas. At the end of the conference, a well-respected professor summarized what had been said and used existing activities to project what the future holds. He spoke not a word about environment or climate change, much less sustainable development. When question time came, I asked him how climate change might affect his projections. "I don't know," he replied. "What do you think?" This article is an extended answer to his question. It argues that the questions we have been asking about energy-the ones 378 The John Marshall Law Review [49:377 that have framed national energy law and policy for decades-are no longer the only relevant questions, and certainly not the best questions. It is increasingly clear that the challenges of sustainable development and climate change can no longer be ignored. These challenges need to frame the way in which energy law and policy decisions are made. Two roads are diverging. One is most traveled. It is based on business-as-usual practices, which by and large are unsustainable, and which lead to an unattractive future. The other is "less traveled by," often simply ignored, and not even fully mapped, but it is based on sustainable practices and offers our only hope of an attractive and sustainable future. The questions that for decades have guided decision-making on U.S. energy policy are about how to assure cheap, plentiful, and secure energy. Another question is how to achieve basic environmental and public health protection. 2 These questions tend to frame our decisions about energy, and constitute the frame within which the rapid development of shale gas has been placed. These are necessary questions, but they are not sufficient to address challenges that are becoming clearer every year. We thus need to ask better questions. Better questions lead to more useful answers, and thus more effective laws and policies. 3 Shale gas is a case in point. Beginning about a decade ago, there has been tremendous growth in the extraction of gas from shale through the use of horizontal drilling and hydrofracturing with large volumes of high-pressure water. 4 The effect is that shale strata with little previous economic market value are now the subject of substantial shale gas drilling and production. 5 Unconventional shale gas development, as it is called, has grown rapidly, especially in North America. U.S. production has grown "from 0.3 trillion cubic feet in 2000 to 9.6 trillion cubic feet in 2012." 6 In 2012, shale gas production was 39 percent of total U.S. gas production and 15 percent of total Canadian gas production. 7 While less drilling from shale gas has occurred in other countries, there is intense international interest where recoverable shale gas reserves exist. 8 As this article is being written, gas prices are at a 2. John C. Dernbach very low level, and relatively little new drilling is going on. 9 But there is great interest in Pennsylvania and other states in the planning and construction of pipelines to bring gas from existing wells to market, including an international market. 10 An enormous policy and popular literature exists concerning shale gas development. 11 At the same time, sustainable development has emerged as an approach for reconciling conflicts between development and environmental protection. Sustainable development is a framework for integrating environmental considerations and goals into decisions concerning social and economic development, with the ultimate objective of maintaining and improving human wellbeing. 12 There is a similarly large body of literature on sustainable development. 13 The sustainable development literature describes, in considerable detail, the ways in which sustainable development has been applied to green building, 14 forestry, 15 agriculture, 16 visited Mar. 22, 2016) (international trade publication of shale gas industry). 12. John C. Dernbach & Federico Cheever, Sustainable Development and its Discontents, 4 TRANSNAT'L ENVTL. L. 247, 247 (2015) .
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14. higher education, 17 and communities. 18 Oddly, however, there has been very little discussion about the relationship between shale gas, on one hand, and sustainable development, including climate change, on the other. The most prominent exception may be found in the work of the Center for Sustainable Shale Development, a nongovernmental organization that has certified a small number of companies for their adherence to certain sustainability practices that the Center has developed. 19 This gap has considerable importance. It means that, except for the little-used certification program run by the Center for Sustainable Shale Development, there is nothing that translates the broad principles of sustainable development into actual practice concerning shale gas. Moreover, while that certification program covers a wide range of practices related to environmental impact, it has little to say about the wide range of social and land use impacts caused by shale gas development. And while it includes practices related to methane emissions from site development and gas production, it does not address the overall role of shale gas development in climate change. If shale gas development is to be truly sustainable, it must fully address all sustainable development issues. Moreover, the many claims made about the positive economic, security, and job creation benefits of shale gas 20 cannot be fully evaluated unless other effectsparticularly social and environmental effects-are also evaluated. contributing authors, including not only lawyers and current and former policy makers, but also experts from public health, the social sciences, economics, and other disciplines. As a starting point, the book asks: Is shale gas development sustainable? If not, can law and policy actually make shale gas development sustainable, or are there inherent sustainability issues or problems with shale gas development that cannot be solved by law or policy? The book emphasizes that it is not enough to make some effort or progress toward sustainability. The longer we stay primarily committed to fossil fuel energy development, the more expensive and less effective our response is likely to be. Thus, even better questions are (1) can shale gas help accelerate the transition to sustainability, and (2) if so, how? The book focuses on five broad areas relevant to these questions: public health and the environment; community; public participation, public information, and access to justice; governance; and energy and climate change. This article builds on, and draws from, the energy and climate change aspects of the book; it does not contain a detailed explanation of key findings or conclusions from the entire volume. This article identifies three additional questions that sustainable development would have us answer in making energy policy decisions, using shale gas as a focal point. Sustainable development, in other words, reframes the climate change and energy policy debate in at least three mutually reinforcing ways.
Section II provides the normative lens through which these three new questions emerge. It begins by describing sustainable development, which would redirect the way in which development occurs. Broadly understood, development is a way of improving human wellbeing through economic growth and improved social wellbeing as well as peace and security. As a conceptual model, development is inherently flawed because, by not protecting the environment and the people who depend on it, it tends to adversely affect both. Sustainable development, by contrast, would achieve the goals of development and protect the environment as well as those who depend on it. Sustainable development principles and concepts, in turn, are embedded in the United 25 in which parties effectively agreed to a goal of net zero greenhouse gas emissions by the second half of this century, based on sustainable development. 26 Sections III, IV, and V then analyze three typical frames that are used in developing and implementing shale gas laws and policies in light of sustainable development and the Paris Agreement. These sections explain the inadequacy of those frames, and explain how those frames should be replaced by different questions.
Section III explains that a typical frame for shale gas is based on the ostensible greenhouse gas benefits of shale gas. Using gas to produce electricity, the argument goes, produces fewer greenhouse gas emissions than burning coal. But the question should not be whether shale gas is contributing to some degree to a reduction in greenhouse gas emissions. Rather, the question is whether and to what extent the use of gas is consistent with the scale and pace of required greenhouse gas emission reductions. As Section III explains, greenhouse gas reductions to date from use of gas do not begin to compare to the reductions required to avoid catastrophic climate change. While new federal laws to address emissions of greenhouse gas emissions put the United States on a trajectory for achieving that goal over the next decade or so, they do not get the U.S. to that objective. 26. "Parties aim to reach global peaking of greenhouse gas emissions as soon as possible . . . and to undertake rapid reductions thereafter . . . so as to achieve a balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second half of this century . . . ." Id., art. 4.1. The "balance" of emissions and removals means net zero emissions.
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Section IV addresses a second typical question in energy and climate change policy: how can we produce the energy we need? A better question is: how much energy do we need? Sustainability, in other words, focuses more on energy efficiency and conservation, and would have us answer that question before plunging headlong into shale gas development. The problem, as Section IV explains, is that energy efficiency and conservation have not been deployed to the full extent possible. In fact, the energy available by extracting the remaining energy efficiency opportunities from the economy is greater than the amount of energy available from shale gas. A strengthened national effort to foster energy productivitywhich measures how much energy is needed to produce a dollar of GDP-would almost certainly result in much less energy being needed in the first place.
A third and final typical frame for shale gas policy is based on the claim that shale gas produces economic benefits, including not only economic development but also jobs and tax revenue. Here, there is no doubt; economic benefits occur. 27 But as Section V explains, a better question is not about the economic benefits of shale gas standing alone, but also about costs of shale gas and the benefits and costs of alternatives. Environmental regulation of shale gas is intended to reduce or eliminate many of the environmental and social costs of shale gas, but it varies significantly from state to state, and certain legal tools that could be of value have not been fully deployed. Moreover, some impacts-including but not limited to land use and housing-are not covered by environmental regulation. Other laws and policies tend not to adequately address these other issues. Section V also explains that energy efficiency and conservation produce more benefits and have fewer costs than shale gas production. That makes energy efficiency and conservation attractive approaches to reduce greenhouse gas emissions-not only for their climate change benefits, but for their other economic, social, and environmental benefits. Energy efficiency and conservation also impose fewer costs.
As already suggested, these three frames do not exhaust the sustainability issues raised by unconventional shale gas development. Shale gas also raises other sustainability issues, including intergenerational issues such as "boom and bust" cycles as communities experience drilling, production, depletion of the gas resource, further drilling, further production, and ultimate depletion. 28 frameworks from a sustainability perspective and makes recommendations for improving them. 29 These three frames, however, suggest directions that energy and climate change law and policy need to move for shale gas as well as other fossil fuels. They suggest that shale gas development needs to be nested in a national and international legal and policy framework that is moving rapidly toward net zero carbon emissions. They also suggest the need for an intensified national commitment to energy efficiency and conservation. Finally, they suggest shale gas requires a sophisticated and comprehensive regulatory system to protect the environment and public health as well as a legal and policy framework capable of ensuring both significant social and economic benefits and ensuring that no one is made socially or economically worse off in absolute terms. If shale gas is to be truly sustainable, or be part of a bridge to a sustainable future, it must operate within these parameters.
II. SUSTAINABLE DEVELOPMENT AND THE PARIS
AGREEMENT ON CLIMATE CHANGE Sustainable development-which may be one of the most important ideas to emerge from the 20th century-would redirect the manner in which development occurs. Instead of making progress at the expense of the environment and the people who depend on it, as development does, sustainable development would protect and even restore the environment. The most urgent manifestation of the need for sustainable development is climate change. By providing a structure in which countries can progressively reduce their greenhouse gas emissions, the Paris Agreement also provides a pathway for making significant progress toward sustainable development.
A. Sustainable Development
More than twenty years ago, the United States and the rest of the world decided to change the way in which development occurs. Development, as it has been carried out for decades, is about increasing economic growth as well as social wellbeing. Development also requires a foundation of peace and security. Its ultimate objective is human well-being. 30 Development is no small thing; it is and has been the framework in which progress is measured. Improvements in economic growth, job creation, human health, and education are all evidence of progress. The status of each country is defined in terms of whether it is developed (e.g., United States) or developing (e.g., Peru). What development historically ignores or gives insufficient attention to, however, is environmental protection. As a result, development tends to produce economic and social benefits at the expense of the environment and those who depend on the environment-persons now living as well as future generations. 31 Across the globe, there is already considerable environmental degradation, poverty, and inequality, as well as growing pressure on the environment and natural resources. 32 By one estimate, the world in 2050 is likely to have two billion more people than at present (growing from 7 billion to 9 billion), global GDP that is four times what we have now, energy consumption that is 80% higher than that at present, and atmospheric concentration of greenhouse gases as high as 685 parts per million 33 (compared to 449 parts per million in 2012). 34 The increasing costs of development led governments around the world, in 1992, to endorse a modification of development. 35 This modification, called sustainable development, retains the basic elements of development-economic growth and social wellbeing based on peace and security-but adds environmental protection. 36 The iconic definition of sustainable development is "development that meets the needs of the present without compromising the ability of future generations to meet their own needs." 37 The basic idea is that the environment and the people 31 who depend on the environment should no longer be the price of progress. Instead, they should benefit from, or at the very least not be harmed by, development. The basic action principle underlying sustainable development is integrated decision-making, which means that development and the environment need to be considered and furthered together. 38 The effect of this approach is not simply to reduce environmental impacts, but to redirect the manner in which development occurs. Sustainable development is now the officially endorsed international approach to maintaining and improving the human condition. 39 This is especially true after the U.N. General Assembly adopted Sustainable Development Goals in 2015 that are intended to guide the manner in which sustainable development occurs. 40 In principle, sustainable development is preferable to conventional development for at least three reasons-all of which follow from the preceding discussion. To begin with, it is more equitable than conventional development because it does not benefit some people by making other people worse off in absolute terms than they were previously. In addition, it produces a wider range of benefits than conventional development because it includes not only economic and security benefits, but also social and environmental benefits. Finally, sustainable development has fewer costs than conventional development because it is not based on acceptance of harm to people or the environment as part of the price of progress. Because the costs of conventional development blunt its benefits to some degree, and increasingly threaten to outweigh its benefits entirely (e.g., climate change), the conventional development model needs to be replaced. Still, because sustainable development is a relatively new and normative framework, and because it threatens many existing ways of doing business, adoption and implementation have come ("We are determined to ensure that all human beings can enjoy prosperous and fulfilling lives and that economic, social and technological progress occurs in harmony with nature.") "We are committed to achieving sustainable development in its three dimensions -economic, social and environmental -in a balanced and integrated manner."; Dernbach & Cheever, Sustainable Development and its Discontents, supra note 12, at 250 (explaining how sustainable development has become internationally accepted framework for improving human condition).
40. G.A. Res. 70/1, supra note 39.
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Asking the Right Questions About the Future of Shale G as 387 more slowly than one would have hoped. 41 And in many cases, sustainable development has been almost entirely ignored. There is growing recognition that sustainable development must occur much more quickly. Thus, it is not enough to make some progress in improving environmental protection, economic and social development, and peace and security. Extreme poverty is still widespread and environmental conditions around the world continue to deteriorate. 42 Concentrations of greenhouse gases in the atmosphere are rising, and are already at levels that have not been seen for at least 800,000 years. 43 The 2012 United Nations Conference on Sustainable Development thus emphasized the need to "accelerate progress" toward sustainability. 44 Similarly, the parties to the 2012 Conference of the Parties of the United Nations Framework Convention on Climate Change agreed on the importance of "accelerating the reduction of global greenhouse gases emissions." 45 
B. The Paris Agreement
The Paris Agreement is a landmark agreement in international efforts to address climate change. It represents the first time since the Framework Convention on Climate Change was opened for signature in 1992 that all 196 parties have agreed to take actions to reduce their greenhouse gas emissions. 46 The United Nations Framework Convention on Climate Change (Framework Convention) entered into force in 1994, and 196 countries are now parties. 48 The objective of the U.N. Framework Convention on Climate Change is "stabilization of greenhouse gas concentrations in the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system." 49 The Framework Convention does what its name suggests; it creates an international framework to address climate change based on mitigation, adaptation, reporting, scientific and technological research, and annual meetings of the conference of the parties. 50 It also requires all parties to establish, implement, and periodically update national programs to mitigate climate change. 51 The Framework Convention does not, however, contain any legally binding agreement to reduce greenhouse gas emissions.
The Framework Convention treats developed and developing countries differently. As its preamble states, developed countries have contributed "the largest share of historical and current global emissions of greenhouse gases." 52 They also, by definition, have greater financial and technological resources. Thus, in ratifying the Framework Convention, developed countries agreed to adopt policies and measures that will demonstrate that they "are taking the lead" in addressing climate change. 53 Still, developed countries agreed only to the "aim" of reducing their greenhouse gas emissions to 1990 levels by 2000. 54 In December 1997, at their annual meeting in Kyoto, Japan, the parties agreed to a protocol containing binding greenhouse gas emission limits for developed countries. 55 Under the Kyoto Protocol, developed countries agreed to reduce their net greenhouse gas emissions by at least five percent from 1990 levels by 2008-2012. an INDC, representing 93 percent of the world's greenhouse gas emissions. 63 Also in the run-up to the Paris conference, the Conference of the Parties translated the Framework Convention's stabilization objective into a maximum permissible surface temperature increase. The most frequently stated goal was 2 °C (or 3.6 degrees Fahrenheit) above preindustrial levels. 64 Parties, it said in 2010, "should take urgent action to meet this long-term goal, consistent with science and on the basis of equity." 65 In addition, the conference stated the importance of "strengthening the long-term global goal on the basis of the best available scientific knowledge, including in relation to a global average temperature rise of 1.5 °C." 66 Closer to Paris, however, the parties had stated the goal in terms of both temperatures. In 2014, for example, the Conference of the Parties expressed the goal in terms of a "likely chance of holding the increase in global average temperature below 2°C or 1.5°C above pre-industrial levels." 67 The 2°C limit has been translated into a specific carbon "budget"-a numerical limit on all additional emissions, cumulatively, for the rest of the century. 68 The Intergovernmental Panel on Climate Change has concluded that this budget is between 630 and 1,180 gigatons of carbon dioxide equivalent. 69 That range represents the cumulative total of all new emissions of carbon dioxide equivalent between 2011 and 2100. 70 If cumulative emissions do not exceed the figures in that range, the IPCC states, 
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it is "likely" that global average temperatures will stay below a 2°C increase. 71 To have a "likely" chance of staying within this budget, IPCC says, global greenhouse gas emissions need to be 40 to 70 percent lower by 2050 and "near zero" gigatons of carbon dioxide equivalent or "below" by 2100. 72 The term "likely"-as used by both the Conference of the Parties and the IPCC-means that the chance of a particular outcome is greater than 66 percent, 73 or two out of three. Other calculations of a carbon budget provide less time to reduce emissions that low. 74 The Paris Agreement is a framework for keeping global greenhouse gas concentrations within that budget, and appears to somewhat strengthen the level of ambition for doing so. It aims to hold "the increase in the global average temperature to well below 2°C above pre-industrial levels" and "to pursue efforts to limit the temperature increase to 1.5°C above pre-industrial levels, recognizing that this would significantly reduce the risks and impacts of climate change." 75 The 2014 goal of "holding the increase in global average temperature below 2°C or 1.5°C above pre-industrial levels" suggests that satisfying either of these temperature objectives would be sufficient. The Paris agreement goal of keeping the average temperature "well below 2°C" indicates that simply holding the increase to 2°C is not good enough. The additional commitment to "pursue efforts to limit the temperature increase to 1.5°C" does not constitute a commitment to achieving that goal; it is only a commitment to try. But the Agreement's explicit recognition that achieving the 1.5°C goal "would significantly reduce the risks and impacts of climate change" highlights a reality that was not expressly acknowledged one year earlier: while the Framework Convention is intended to prevent "dangerous anthropogenic interference with the climate system," 76 there can be substantial adverse effects from climate change 71 before that occurs. That acknowledgement tilts the Paris Agreement's objective somewhat closer to 1.5°C. 77 As a first step toward reaching this objective, the parties also agreed to "aim to reach global peaking of greenhouse gas emissions as soon as possible, recognizing that peaking will take longer for developing country Parties, and to undertake rapid reductions thereafter." 78 Peaking refers to the fact that globally, and in many countries, greenhouse gas emissions have been increasing on an annual basis. Peaking occurs when the annual increase stops, and every subsequent year brings lower emissions, so that a curve of annual emissions over time shows an upward slope, a peak, and then a downward slope. The rapid reduction is to be accomplished "so as to achieve a balance between anthropogenic emissions by sources and removals by sinks of greenhouse gases in the second half of this century." 79 In other words, at some time between 2051 and 2100, total greenhouse gas emissions are to be reduced to net zero.
The Paris Agreement puts primary responsibility for what happens in particular countries where it has always been-with the countries themselves. This is through the mechanism of nationally determined contributions. The Paris agreement affirmed those commitments and made them central to the global climate change effort. 80 A key to effective action, a 2015 World Bank report on achieving a zero-carbon future says, is "early action." 81 Early action is prudent, cost-effective, and cheaper, and avoids technological lock-in (e.g., construction of fossil-fuel-based power plants that will likely be in service for 40 or more years). 82 A major problem-known to the parties before Paris-is that their INDCs, taken together, were not sufficient to put countries on a trajectory toward keeping the average temperature increase below 2°C. In 2015, prior to the conference, both the Organization for Economic Cooperation and Development and the International 77. Although not in the Paris Agreement, the Conference of the Parties invited the Intergovernmental Panel on Climate Change to provide, by 2018, a special report "on the impacts of global warming of 1.5 °C above pre -industrial levels and related global greenhouse gas emission pathways." Decision 1/CP.21, supra note 25, ¶ 21. That report is likely to affect the way in which a 1.5 °C objective is viewed.
78. Paris Agreement, supra note 25, art. 4. 87 Such a world, the report said, would be "one of unprecedented heat waves, severe drought, and major floods in many regions, with serious impacts on ecosystems and associated services," and no certainty that adaptation would even be possible. 88 Thus, what also sets the Paris Agreement apart-and will ultimately determine whether humanity averts or limits the worst effects of climate change-are processes that the agreement puts in place to, among other things, periodically increase national 83. Organization for Economic Cooperation and Development, Climate Change Mitigation: Policies and Progress (summary) (2015) , www.oecdilibrary.org/sites/9789264238787-sum-en/index.html?itemId=/content/summary /d53d9178-en&mimeType=text/html ("Even if the INDCs and national targets announced to date are fully achieved, the remaining global carbon budget (consistent with a below 2 °C world) will be exhausted by around 2040 unless stronger action is taken."); International Energy Agency, Energy and Climate Change: World Energy Outlook Special Report 12 (2015) , www.iea.org/ publications/freepublications/publication/WEO2015SpecialReportonEnergyand ClimateChange.pdf ("With INDCs submitted so far, and the planned energy policies in countries that have yet to submit, the world's estimated remaining carbon budget consistent with a 50% chance of keeping the rise in temperature below 2 °C is consumed by around 2040 -eight months later than is projected in the absence of INDCs.").
84 ambition. These processes should greatly enhance the likelihood that the Paris Agreement will actually work. Beginning in 2020, and every five years afterwards, each country is to "prepare, communicate and maintain successive nationally determined contributions that it intends to achieve." 89 These, of course, are in addition to those that countries already submitted. Each "successive nationally determined contribution" is to "represent a progression beyond the Party's then current nationally determined contribution and reflect its highest possible ambition." 90 Beginning in 2023, and every five years afterwards, the Conference of the Parties is to "take stock of the implementation of this Agreement to assess the collective progress towards achieving [its] purpose." 91 The outcome of this "global stocktake" is to "inform Parties in updating and enhancing, in a nationally determined manner, their actions," including enhanced "international cooperation for climate action." 92 Again, the overall objective is net zero greenhouse gas emissions by the second half of the century. 93 89. Paris Agreement, supra note 25, at arts. 4.2, 4.9; see also Decision 1/CP.21, supra note 25, at ¶ ¶ 23, 24.
90. Paris Agreement, supra note 25, art. 4.3. 91. Id. at arts. 14.1, 14.2. 92. Id., art. 14.3. At least three other types of provisions are intended to support this ratcheting effort toward greater ambition. First, while financial assistance to developing countries has always been part of the international framework to address climate change, developed countries agreed to increase their level of financial support from previous levels by a nonspecific amount. Id., art. 9.1. Developed countries also agreed to communicate "indicative quantitative and qualitative information" about their financial support to developing countries, including projected future levels of public finance. Id., art. 9.5. Second, the Paris Agreement creates "an enhanced transparency framework for action and support." Id., art. 13.1. This framework is partly to understand what NDCs actually mean and achieve. NDCs from different countries use different assumptions and baselines, and enhancing their comparability is essential. This transparency framework is also needed to better understand what financial contributions developed countries are actually making to developing countries. Id., art. 13.5; Joseph E. Aldy, Evaluating Mitigation Effort: Tools and Institutions for Assessing Nationally Determined Contributions 3 (2015) , http://belfercenter.ksg.harvard.edu/files/ evaluating-mitigation-effort-aldy_web.pdf (explaining differences in forms of mitigation in 129 NDCs submitted through November 8, 2015). Third, recognizing that "[a]ccelerating, encouraging and enabling innovation is critical for an effective, long-term global response to climate change and promoting economic growth and sustainable development," the agreement creates a Technology Mechanism. Paris Agreement, supra note 25, at arts. 10.3, 10.5. The purpose of the mechanism is to strengthen existing efforts to foster technology development and the transfer of technology to developing countries. Id. at art 10.4. The "global stocktake" is to consider this and other efforts to support "technology development and transfer for developing country Parties." Id. at arts. 10.2, 10.6. 93. Id., art. 4.1.
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A significant challenge in implementing the Paris Agreement will be the allocation of the emissions budget among many countries. This allocation should be based on population, historical contribution to global atmospheric greenhouse gas concentrations, development status (developed vs. developing), equity, and other factors. The question of each nation's "fair share" of the budget is both essential and highly contested. 94 Moreover, instead of some kind of ex ante allocation based on delineated principles to which every country assents, it now appears that each country will determine how it wants to proceed, and the de facto allocation will be the sum total of their greenhouse gas emission reduction commitments over time. That, of course, could create significant problems in meeting the Paris Agreement's carbon budget objective. Whatever decisions individual countries make, it is worth remembering that the Paris Agreement preserves to a significant degree the Framework Convention's orientation toward developed country leadership. That means that the United States, among other developed countries, should strive to reduce its greenhouse gas emissions as rapidly as possible. In other words, the emissions reductions curves for developed countries should be steeper than those for developing countries.
III. QUESTION 1: IS THE USE OF SHALE GAS CONSISTENT WITH THE SCALE AND PACE OF REQUIRED GREENHOUSE GAS EMISSION REDUCTIONS?
As the Paris Agreement makes clear, the world as a whole must reduce its greenhouse gas emissions as rapidly as possible, beginning now. The Agreement provides good news and bad news for shale gas. The good news is that it provides a way for shale gas to be a bridge to a sustainable future. The bad news in the Paris Agreement is that, unless some cost effective means of large scale carbon storage is developed in the relatively near future, the bridge needs to be relatively short. But to work in the United States, the Paris Agreement must be translated into national law and policy.
The argument for the greenhouse benefits of shale gas is based on the claim that the burning of gas involves about half of the greenhouse gas emissions as the burning of coal. 95 There is much evidence to support this claim. According to several life-cycle analyses, unconventional shale gas has lower greenhouse gas emissions than coal when used to produce electricity. 96 In fact, a new combined-cycle natural gas plant that replaces a conventional coal plant emits about one-third of the carbon dioxide that the coal plant emits. 97 Because gas is now cheaper than coal, gas is displacing coal, principally for electricity production; coal production in the United States hit a 30-year low in 2015. 98 The Energy Information Administration has projected that, in 2016, natural gas will exceed coal for electricity generation for the first time. 99 Indeed, while U.S. greenhouse gas emissions in 2013 were 5.9 percent higher than they were in 1990, they peaked in 2007 and have been slightly lower since that time. 100 Of course, the economic recession that began in 2007-2008 played a role in reducing emissions, but so has the replacement of coal by natural gas to produce much electricity. 101 The displacement of coal by gas has also had other benefits, including reduced emissions of nitrogen oxides, sulfur dioxide, and particulates. 102 Still, according to Don Brown, there are two significant problems. 103 First, methane leakage raises questions about the extent of the greenhouse gas emissions reduction that is being claimed. Natural gas is made up mostly of methane, which is more than 20 times as potent a greenhouse gas as carbon dioxide over a 100-year period. 104 Methane leaks can occur in a variety of ways during gas production, transportation, and use. Understanding the effect of methane leakage involves a difficult methodological question. Recent studies employing varying methodologies have found varying rates of methane leakage from the production and distribution of shale gas. 105 Because of the potency of methane as a greenhouse gas, a relatively small leakage rate would significantly offset the entire apparent greenhouse gas benefit of fuel switching from coal to natural gas. Leaks from gas wells that are no longer in production raise another source of concern. 106 Measures can be taken to reduce methane leakage, as demonstrated by newly adopted regulations by the U.S. Environmental Protection Agency, 107 state requirements such as those in Colorado, 108 good industry practices, and other programs. 109 In addition, large emitters of greenhouse gases, including methane, are required to annually publish their In addition, the Environmental Defense Fund commissioned a series of studies to better understand methane emissions from natural gas production and distribution. The findings in these studies generally support the conclusion that methane emissions from gas production and distribution are significant. For an overview of these studies, emissions. 110 Public reporting may help reduce emissions from gas production and distribution. Thus, while natural gas systems were the second largest source of anthropogenic methane emissions in 2013, reported methane emissions from these systems have declined somewhat since 2007. 111 Still, methane leakage offsets the ostensible greenhouse gas benefit of natural gas to some degree.
The second problem with the greenhouse gas benefit of shale gas is that gas is still a fossil fuel. Even if there were no methane leakage, and natural gas produced half of the emissions of coal, the use of gas to replace coal does not, by itself, achieve the level of emissions reduction that is required to meet the greenhouse gas emissions budget. 112 Government greenhouse gas reduction strategies are mistakenly placing undue reliance on gas as a means of reducing emissions, particularly because the annual reductions achieved thus far do not begin to meet the annual reductions required to meet the greenhouse gas reduction budget. 113 The more time passes before carbon dioxide emissions peak and then decline, the steeper the annual reductions must be-from 4-5 percent (peaking date of 2015) to 8 percent (peaking date of 2025). 114 Excluding situations where economic collapse has occurred, there is only one example of a country that achieved annual greenhouse gas reductions of more than four percent. 115 By contrast, the annual changes in U.S. greenhouse gas emissions in 2009-2013 were a mix of increases and decreases. 116 Annual declines from the previous year were in 2009 (-6.5%), 2011 (-1.8%), and 2012 (-3.4%); annual increases were in 2010 (2.6%) and 2013 (2.0%). 117 That indicates a need for the United States and other countries to graduate away from all fossil fuels as quickly as possible. 118 The longer it takes for that to happen, the more severe the annual reductions in greenhouse gas emissions will need to be, making it unlikely that humans will avoid catastrophic climate change. 
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It can be argued that gas is playing a positive role by destabilizing and weakening coal, which contributes more greenhouse gas emissions than any other fossil fuel. There is considerable truth in that argument because gas has displaced coal to some degree. Still, the annual increases and decreases in U.S. greenhouse gas emissions are nowhere near the 4-5 percent annual reductions that are needed, assuming that U.S. greenhouse gas emissions have peaked. Moreover, net zero greenhouse gas emissions and significant use of gas cannot be reconciled unless there is considerable success in carbon removal from the atmosphere or long-term carbon storage. At present, all approaches to carbon removal or negative carbon emissions have significant limitations. 119 Thus, while gas is playing a role in reducing greenhouse gas emissions, the continued production and use of gas is constrained by the greenhouse gas budget-if that budget is honored.
The INDC submitted by the United States in 2015 prior to the Paris conference commits the U.S. "to achieve an economy-wide target of reducing its greenhouse gas emissions by 26%-28% below its 2005 level in 2025." 120 This commitment is based principally on strengthened fuel economy standards for motor vehicles and trucks, strengthened and broadened energy efficiency standards for appliances and equipment, and greenhouse gas limitations for electric generating facilities. 121 The federal government has adopted increasingly stringent fuel economy and greenhouse gas emission limitations for motor vehicles and trucks. In 2010, EPA and the Department of Transportation adopted a final regulation increasing CAFE standards for light-duty motor vehicles to a combined average emissions level of 250 grams of carbon dioxide per mile by 2016, or 35.5 miles per gallon if manufacturers meet them entirely with fuel efficiency improvements. 122 Then, in 2012, EPA and DOT issued further rules for passenger cars, light-duty trucks and 119. Pete Smith et al., Biophysical and Economic Limits to Negative CO2 Emissions, 6 NATURE CLIMATE CHANGE 42, 49 (Jan. 2016) (There is no negative emission technology or combination of technologies that could be implemented to achieve the 2 degree C goal "without significant impact on either land, energy, water, nutrient, albedo, or cost" and so the primary approach must be to "immediately and aggressively reduce greenhouse gas emissions."). 
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[49:377 medium-duty passenger vehicles for model years 2017-2025. 123 The final standards are projected to result in an average industry fleet wide level of 163 grams/mile of carbon dioxide in model year 2025, which is equivalent to 54.5 miles per gallon if achieved exclusively through fuel economy improvements. 124 EPA and DOT have also adopted first-ever regulations to reduce greenhouse gas emissions and improve fuel efficiency of medium-and heavy-duty trucks. 125 The Department of Energy has adopted and strengthened energy efficiency standards for a wide variety of products, including new refrigerators, air conditioners, clothes washers, and furnaces. 126 The Department of Energy has also adopted efficiency standards for electric motors and a variety of other equipment. 127 Taken together, these standards cover "more than 60 products, representing about 90% of home energy use, 60% of commercial building energy use, and approximately 30% of industrial energy use." 128 The Energy Star appliance labeling program, which is based on voluntary targets that are 10-25% more efficient than applicable standards, 129 provides additional reductions of greenhouse gas emissions. 130 Finally, EPA's Clean Power Plan, finalized in August 2015, would reduce greenhouse gases from electric generating facilities by 32% from 2005 levels by 2030. 131 These and other efforts help put the U.S. on a path to deep decarbonization. 132 themselves and their actions. 137 They can provide information to government agencies and institutions on the effectiveness and impacts of particular laws and policies, which can then be used to modify those laws and policies. 138 They can also prod governments and others to improve their practices without being overly prescriptive. 139 The Paris Agreement is based on reflexive governance at the national and international level. As already noted, every five years beginning in 2015, every country is to submit nationally determined contributions that "represent a progression beyond the Party's then current nationally determined contribution and reflect its highest possible ambition." 140 Every five years beginning in 2023, the Conference of the Parties is to "take stock of the implementation of this Agreement to assess the collective progress towards achieving" its purpose." 141 These requirements should encourage or prod governments, including the United States, to be more ambitious over time, without being prescriptive about what they should do. These requirements also will provide information about what other governments are actually doing, as well information about the effectiveness and impacts of particular laws and policies. This information can then be used to modify laws and policies. In addition, because this information will be public, governments are more likely to honestly and openly share what they are doing, and be more responsive to the views of nongovernmental organizations and businesses as well as the public in general. These outcomes are more likely because every country agreed to the ambitious goals toward which they are aimed.
The Paris Agreement thus means that national greenhouse gas emission laws and policies, including those in the United States, are likely to become more ambitious over time. The displacement of coal by natural gas appears to have some value for at least a limited period, and is likely inevitable in any case for both economic and regulatory reasons. But to achieve net zero greenhouse gas emissions, gas will need to be substantially displaced by energy efficiency and conservation as well as renewable energy-unless, as stated above, there is a dramatic breakthrough in carbon storage or removal. scope of required emissions reductions, in turn, should influence investment in shale gas development and production. As Celeste Hammond has explained, "climate change is an area where asking the 'right' questions can add value, including the value of not doing the transaction at all." 142 The zero net emissions objective, for example, could have a substantial effect on return on shale gas investment as well as on a shale gas lender's ability to recoup an investment over the length of a loan.
To be consistent with the scale and pace of required greenhouse gas reductions, then, the production and use of shale gas must be nested in ambitious national and international energy and climate change laws. These laws would assure that shale gas is a bridge fuel to a sustainable future, and does not delay or divert from that objective. While the Paris Agreement provides a structure for the adoption and implementation of appropriate laws in the U.S. and other countries, some but not all of the legal structure to do that job is in place.
IV. QUESTION 2: HOW MUCH ENERGY DO WE NEED?
The dominant perspective on energy is on the supply side: "we always think we need to find and then use more energy, but we almost always assume that the efficiency resources are used up and unavailable." 143 Shale gas, in this context, is simply another source of the energy we need. A better question is about how much energy we need. More specifically, how much additional efficiency can we extract from the economy compared to the amount of shale gas that can be produced? In the "larger sustainability context, energy efficiency is likely to be seen as a much better strategy for the ongoing development of the U.S. economy than shale gas production." 144 Sustainable development and the Paris Agreement underscore both the urgency and attractiveness of accelerating progress in energy efficiency and conservation.
No energy. 145 Energy conservation is a broader term; it involves using less energy, regardless of the whether energy efficiency has changed. 146 Energy efficiency and conservation provide environmental benefits, to be sure; the gallon of gas or the kilowatt of electricity that is not used is the cleanest of all. That unused gallon or kilowatt, moreover, is also the cheapest of all. Even though energy efficiency often involves additional up-front investment, savings from efficiency provide a return on that investment and often exceed it.
Energy efficiency and conservation also are the most effective and sustainable approaches to addressing climate change. Energy related greenhouse gas emissions are responsible for the great majority of global greenhouse gas emissions. 147 In addition, 78 percent of the total global greenhouse gas emissions increase between 1970 and 2010 was due to carbon dioxide emissions from fossil fuel combustion and industrial processes. 148 Energy efficiency and conservation provide more economic, social, environmental, and security benefits (e.g., reduced energy costs, lower pollution, economic development, job creation, less vulnerability to supply disruption), and fewer costs, than any means of energy production. 149 To be sure, U.S. energy intensity (energy consumption per dollar of GDP) continues to improve, signifying some progress in energy efficiency. Between 1980 and 2014, energy intensity in the U.S. improved by 50 percent, falling from 12.1 thousand BTUs (or British Thermal Units) per dollar to 6.1 thousand BTUs. 150 Put differently, while U.S. gross domestic product increased by 149 percent during that period, U.S. energy use increased by only 26 percent. 151 About 60 percent of this improvement was due to improvements in energy efficiency, while the rest was due to shifts in the U.S. economy away from energy intensive activities such as heavy manufacturing. This improvement resulted in savings of 145 
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Asking the Right Questions About the Future of Shale G as 405 $800 billion in 2014 to individuals and businesses, or about $2,500 per capita. 152 The average annual decline in energy intensity during this period was two percent. 153 In no small part because of legally required improvements in energy efficiency for motor vehicles, trucks, appliances and industrial equipment, the Energy Information Administration projected in 2015 that U.S. energy intensity will decline at a faster pace-an average annual rate of 2.3%-between 2013 and 2040. 154 Still, according to the International Energy Agency, only about one-third of the energy efficiency potential of the industry, transportation, power generation, and buildings sectors has been tapped. 155 Approximately twice as much, or two-thirds, of the longterm economic energy efficiency of these sectors, remains untapped. 156 Even in the United States, considerable potential exists for increased improvement in energy efficiency and conservation. Skip Laitner uses data from several different sources to compare the potential availability of energy from energy efficiency, shale gas, and renewable energy (from electricity sources only), using a common metric of trillion cubic feet (TCF). 157 He concludes that the untapped potential of energy efficiency is about 1,400 TCF, compared to 900 TCF for shale gas and 600 TCF equivalent for renewable energy. 158 Other calculations also conclude that there is significant untapped energy efficiency and energy conservation potential in the U.S. economy. 159 Several types of legal and policy mechanisms are available for using energy efficiency and conservation to drive deep reductions in greenhouse gas emissions. A starting point might be reframing energy efficiency and conservation-which connote sacrifice to many-to energy productivity. Energy productivity, which measures how much energy is needed to produce a dollar of GDP, may provide a more positive understanding of the importance of energy efficiency and conservation. 160 Beyond that, existing energy
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[49:377 and environmental laws privilege incumbent players (e.g., utilities) and existing facilities (coal-fired power plants) in a variety of ways, and have made it harder for newer entrants (e.g., energy efficiency, renewable energy) to compete. 161 Within many sectors and contexts, moreover, incentives are misaligned, so that the person with the ability to achieve greater energy efficiency (e.g., landlord) is frequently not the person who pays the energy bills (e.g., tenant). Laitner advocates law changes that "even the playing field," enabling energy efficiency to "compete effectively and produce more positive outcomes." 162 It is often argued that energy efficiency policy will backfire by, for example, inducing people to drive their fuel efficient cars more and offsetting the efficiency gain. There is no empirical evidence for the backfire hypothesis. 163 Instead, the "total microeconomic rebound is, in most cases, on the order of 20 to 40 percent." 164
V. QUESTION 3: HOW DO THE BENEFITS OF SHALE GAS COMPARE WITH ITS COSTS AND THE BENEFITS AND COSTS OF ALTERNATIVES?
A final unhelpful frame is based on the economic benefits of shale gas development, including not only economic development but also jobs and tax revenue. A better question is not about the economic benefits of shale gas standing alone, but about the economic benefits of shale gas compared to its costs and risks. A careful examination of both the benefits and the costs yields a different assessment than an assessment of the benefits alone. Moreover, an assessment of the benefits and costs of shale gas, standing alone, is not as helpful as a comparative assessment of shale gas and alternatives, including renewable energy and energy efficiency. Laitner explains that "energy efficiency behaviors and investments can drive significantly greater economic, environmental, and social benefits than reliance on either deliver at least half of the emissions reductions needed to keep global temperatures below two degrees C, and could generate energy savings of as much as $900 billion annually by 2020. 164. Id. This figure, moreover, does not take into account gains in human wellbeing or induced innovation and productivity growth from an energy efficiency policy. Id.
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Asking the Right Questions About the Future of Shale G as 407 conventional or unconventional energy resources such as shale gas." 165 Shale gas development presents a variety of costs and risks. Among the most prominent are water quality degradation and reduced water availability for consumers. 166 Other prominent risks include not only the climate change effects of methane releases, which were discussed above, but also seismic effects from drilling and effects of underground disposal of fracturing fluids. 167 Understanding these risks requires an understanding of what unconventional gas development entails. Industry representatives often use the term "fracking" narrowly to refer to the use of highpressure water and explosives to fracture the shale. On the other hand, the public tends to understand "fracking" to refer to the entire unconventional gas development process in ways not limited to hydrofracturing. While industry representatives may be accurate in claiming a lack of "documented cases" of groundwater contamination from hydrofracturing, groundwater and well water contamination from unconventional gas development are well documented. 168 "Faulty casing and cementing cause most well integrity problems" 169 because they lead to migration into groundwater of gas, hydrofracturing fluids, or flowback water from gas production that may include salts and radioactive material.
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Unconventional gas development also uses considerable amounts of water. Water availability is particularly a problem in the upper reaches of streams and waterways, where surface water withdrawals are more likely to have adverse effects on aquatic life. 170 In areas that have relatively little rainfall, the use of water for hydrofracturing can also create or contribute to conflicts over scarce supplies. 171 Almost nothing is known about potential public health hazards from shale gas development, including not only toxic chemicals and pollutants, but also waste, noise, workplace injuries, and community stress. 172 "Despite broad public concern, no comprehensive population-based studies of the public health effects of unconventional natural gas operations exist." 173 There is considerable variation among states in the regulation of environmental and public health effects of shale gas. Resources for the Future issued a report in 2013 that compared 25 separate aspects of shale gas regulation in 31 states with actual or potential shale gas production. 174 It found wide variation among states, including those pertaining to cementing, well diameter, and thickness of boring pipes; the buffer distance between operational well pads and neighboring residences, commercial districts, schools and hospitals, and water supplies; and limitations on hours of operation, noise, and traffic patterns. 175 A variety of impacts are not addressed by state regulation, and many require local regulation, particularly of land use. Development of shale gas can have profound effects on communities. 176 More than 15.3 million people live "within a mile of a well that has been drilled since 2000. That is more people than live in Michigan or New York City." 177 Many of the worst environmental and public health impacts occur because various shale gas facilities and activities, including drilling rigs, compressor stations, and wastewater impoundments, are located too close to homes, farms, schools, and water resources. Other impacts include those on housing. Shortages occur during the boom times, and its negative effects "fall heaviest on those whose housing situation was most at risk prior to the Marcellus industry growth, namely the non-working poor, seniors, the disabled and, newly, the working poor." 178 The question about costs of shale gas and alternatives leads to answers indicating the value of several different types of laws and policies. One approach would reduce the adverse impacts of shale gas development by, for example, strengthening state regulation to improve the way that information about shale gas effects is managed and used, 179 improving the public's ability to participate in government decision making concerning shale gas, 180 requiring a public health impact assessment before shale gas development occurs, 181 requiring companies to account in one place for all of the costs of using water and chemicals for hydrofracturing, 182 or creating a presumption in favor of disclosure
